Concurrent wind and base vibration energy harvesting with a broadband bistable aeroelastic energy harvester by Zhao, L
IOP Conference Series: Materials Science and Engineering
PAPER • OPEN ACCESS
Concurrent wind and base vibration energy harvesting with a broadband
bistable aeroelastic energy harvester
To cite this article: Liya Zhao 2019 IOP Conf. Ser.: Mater. Sci. Eng. 531 012081
 
View the article online for updates and enhancements.
This content was downloaded from IP address 115.70.38.37 on 13/10/2019 at 07:37
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd
Modeling in Mechanics and Materials




















7-.'%,#'8( 7"+:% J)J(.% J.(:(*-:% )% *#9($% (*(.04% ").9(:-+*0% ,(9+!(% ,.+9(*% K4% !#*!3..(*-%
)(.#($):-+!% 9+K.)-+#*% )*,% K):(% 9+K.)-#.4% (L!+-)-+#*G% 7"(% ").9(:-(.% 3*,(.0#(:% &$#>M+*,3!(,%





-#% +*!#.J#.)-(% -"(%63-3)$% !#3J$+*0% K(->((*% -"(%>+*,% &$#>1% J+(H#($(!-.+!% ($(6(*-1% *#*$+*().%
:-.3!-3.(%)*,%!+.!3+-G%%O4*)6+!%.(:J#*:(:%).(%+*9(:-+0)-(,%&#.%,+&&(.(*-%K+:-)K$(%!#*&+03.)-+#*:G%





:!)$(% .(*(>)K$(% (*(.04% -#% +6J$(6(*-% J(.J(-3)$$4% :($&MJ#>(.(,% 6+!.#($(!-.#*+!% ,(9+!(:1% :3!"% ):%
>+.($(::%:(*:#.:G%R#::+K$(%.(*(>)K$(%:#3.!(:%:3..#3*,+*0%:3!"%,(9+!(:%+*!$3,(%9+K.)-+#*1%:#$).%(*(.041%
>+*,%(*(.041% -"(.6)$%(*(.041%(-!G%D6#*0%-"(61%>+*,%(*(.04% +:%)%3K+N3+-#3:%:#3.!(% +*%K#-"%#3-,##.%
)*,% +*,##.% (*9+.#*6(*-:1% $+Q(% -"(% K.+,0(:1%STDU% :4:-(6:1% )*,% :#% #*G%O(9($#J6(*-% #&% .#-).4M-4J(%
-3.K+*(:%&#.% $).0(M:!)$(%>+*,%(*(.04%!#*9(.:+#*% +:%N3+-(%6)-3.(G%S#>(9(.1% -"(+.%(&&+!+(*!4% +:%0.()-$4%
$#>(.(,%>"(*%6+*+)-3.+H(,%#.%>"(*%:-.#*0%>+*,%+:%*#-%)9)+$)K$(G%5*%-"(%.(!(*-%4().:1%.(:().!"(.:%")9(%
+*9(:-+0)-(,% *(>% !#*!(J-:% &#.% :6)$$M:!)$(% >+*,% (*(.04% ").9(:-+*0% K4% (LJ$#+-+*0% )(.#($):-+!%
+*:-)K+$+-+(:G% T).+#3:% )(.#($):-+!% (*(.04% ").9(:-(.:% ")9(% K((*% J.#J#:(,% K):(,% #*% )(.#($):-+!%
J"(*#6(*)1% :3!"% ):% 9#.-(LM+*,3!(,% 9+K.)-+#*:% VT5TW% #&% !4$+*,(.:% X;Y1% 6#,)$% !#*9(.0(*-% &$3--(.% #&%
&$)JJ+*0%)+.&#+$:% X?Y1%0)$$#J+*0%#&%J.+:6:%>+-"%!(.-)+*%!.#::M:(!-+#*%:")J(:1% $+Q(% :N3).(1%OM:")J(%)*,%
-.+)*0$(% XZ1[Y1% )*,%>)Q(%0)$$#J+*0%#&%J).)$$($% !4$+*,(.:% X<YG%P(:().!"(.:% ")9(% )$:#% J.#J#:(,%9).+#3:%
6(-"#,:% -#% .(,3!(% -"(% #*:(-% >+*,% :J((,% -".(:"#$,% )*,% (*")*!(% >+*,% J#>(.% (L-.)!-+#*% (&&+!+(*!4G%
/&&#.-:%+*!$3,(%6#,+&4+*0%!+.!3$).%!4$+*,(.%!.#::M:(!-+#*%#&%)%T5T%(*(.04%").9(:-(.%K4%S3%(-%)$G%X\Y1%
(6J$#4+*0% )% ?O]2% !3-M#3-% :-.3!-3.(% &#.% )% 0)$$#J+*0% ").9(:-(.% K4% ^")#% (-% )$G% XAY1% ),,+*0% )% K()6%
:-+&&(*(.% ):% )*% ($(!-.#6(!")*+!)$% !#3J$+*0% K##:-(.% K4%^")#% )*,%_)*0% X`Y1% (-!G%'#.(#9(.1% *#*$+*().%
+*-(.&)!(%!+.!3+-:%K):(,%#*%:4*!".#*#3:%:>+-!"+*0%-(!"*+N3(:%")9(%)$:#%K((*%+*9(:-+0)-(,%-#%+6J.#9(%
>+*,%(*(.04%").9(:-+*0%XaYG%%%%%%
Modeling in Mechanics and Materials












7"(.(% ).(% )% K.#),% .)*0(% #&% :+-3)-+#*:% >"(.(% ->#% #.% 6#.(% :#3.!(:% ).(% !#(L+:-+*0G% 2#.% (L)6J$(1% #*%
9("+!$(:1%.)+$>)4%-.)!Q:1%#!()*%K3#4:1%:"+J:1%)+.!.)&-:1%(-!G1%K#-"%>+*,%&$#>:%)*,%6(!")*+!)$%9+K.)-+#*:%
).(% J.(:(*-G% S#>(9(.1% +-% )JJ().:% 9(.4% &(>% :-3,+(:% -#% ,)-(% ")9(% +*9(:-+0)-(,% !#*!3..(*-% (*(.04%
").9(:-+*0%-#%:+63$-)*(#3:$4%:!)9(*0(%>+*,%)*,%K):(%9+K.)-#.4%(*(.04G%=+K#%)*,%%O)N)N%X?Y%.(J#.-(,%
-#% 3:(% )% :+*0$(% )(.#($):-+!% &$3--(.% (*(.04% ").9(:-(.% -#% ").9(:-% !#6K+*(,% $#),+*0:1% )*,% )!"+(9(,%
(*")*!(,% J#>(.% #3-J3-% >"(*% -"(% K):(% (L!+-)-+#*% &.(N3(*!4% +:% !$#:(% -#% -"(% ").9(:-(.b:% .(:#*)*!(G%
S#>(9(.1% -"(%").9(:-(.% +:%(L-.(6($4%:3:!(J-+K$(% -#%)% .(,3!-+#*%+*%J#>(.%#3-J3-% +&%)%:$+0"-% &.(N3(*!4%
6+:6)-!"% #!!3.:G% ]3-:+,(% -"(% *)..#>% .)*0(% *().% .(:#*)*!(1% ->#% !#*!3..(*-% (L!+-)-+#*% &.(N3(*!+(:%
!#3J$(% +*% )% >)4% -#% +*,3!(% N3):+MJ(.+#,+!% #:!+$$)-+#*:1% ")6J(.+*0% (&&(!-+9(% (*(.04% ").9(:-+*0% &.#6%
!#6K+*(,% :#3.!(:G% 7"+:% J.#K$(6% +:% )$:#% #K:(.9(,% +*% !#*!3..(*-% (*(.04% ").9(:-+*0% 3:+*0% T5T% )*,%
0)$$#J+*0%").9(:-(.:%X;@1;;YG%5*%-"(%&+($,%#&%9+K.)-+#*%(*(.04%").9(:-+*01%!#*:+,(.)K$(%(&&#.-:%")9(%K((*%
.(J#.-(,% -#% K.#),(*% -"(% K)*,>+,-"1% :3!"% ):% 6#*#:-)K$(1% K+:-)K$(% #.% -.+:-)K$(% ,(:+0*:1% 63$-+M6#,)$%
-(!"*+N3(:1% &.(N3(*!4% 3JM!#*9(.:+#*% #.% +6J)!-MK):(,% ,(:+0*:% X;?M;<YG% 7"(:(% -(!"*+N3(:% ")9(% 0.()-%
J#-(*-+)$% -#% (*")*!(% !#*!3..(*-% (*(.04% ").9(:-+*0G% S#>(9(.1% +*!#.J#.)-+*0% -"(:(% -(!"*+N3(:% >+$$%
!#6J$+!)-(%-"(%63$-+M>)4%!#3J$+*0%K(->((*%-"(%:-.3!-3.(1%J+(H#($(!-.+!%($(6(*-1%!+.!3+-1%>+*,%&$#>%)*,%
9+K.)-#.4% (L!+-)-+#*% &#.!(G% 7"(+.% (&&(!-+9(*(::% )*,% -"(% )::#!+)-(,% ,4*)6+!% .(:J#*:(:% :"#3$,% K(%
!).(&3$$4% (L)6+*(,G% P(!(*-$41% ^")#% )*,%_)*0% X;\Y% )*,% ^")#% X;AY% :3!!(::&3$$4% )!"+(9(,% >+,(K)*,%
!#*!3..(*-%(*(.04%!#*9(.:+#*%>+-"%)*%+6J)!-MK):(,%J+(!(>+:(M$+*().%!#*&+03.)-+#*%K):(,%#*%0)$$#J+*0G%
7"+:%J)J(.%J.#J#:(:%)%*(>%,(9+!(%-#%!#*!3..(*-$4%").*(::%!#(L+:-+*0%)(.#($):-+!%)*,%9+K.)-#.4%(*(.04%
K4% +*!#.J#.)-+*0% -"(% !#*!(J-:% #&% 0)$$#J+*0% )(.#($):-+!+-4% )*,% *#*$+*().% K+:-)K+$+-4G% 7"(% )+6% +:% -#%









)% &$(L+K$4% :3JJ#.-(,%K$3&&% K#,4% !#3J$(,% -#% )% J#>(.% (L-.)!-+#*% !+.!3+-% -".#30"% )% 9+K.)-+#*M($(!-.+!+-4%
-.)*:,3!-+#*%6(!")*+:61%>"+!"%+:%-"(%J+(H#($(!-.+!%-.)*:,3!-+#*%(6J$#4(,%"(.(G%M%+:%(&&(!-+9(%6)::%#&%
-"(%").9(:-(.1?%+:%-"(%$36J(,%($(!-.#6(!")*+!)$%!#3J$+*01%)*,%Cp%+:%-"(%J+(H#($(!-.+!%!)J)!+-)*!(G%7"(%
K$3&&% K#,4% +:% (LJ#:(,% -#% +*!+,(*-%>+*,%>+-"% )% :J((,% !G%C"(*% !%(L!((,:% -"(% !3-M+*% :J((,% % !"#1% -"(%
,(:-)K+$+H+*0% *(0)-+9(% ,)6J+*0% (&&(!-% #&% -"(% )(.#,4*)6+!% &#.!(% #9(.!#6(:% -"(% :-)K+$+H+*0% +*"(.(*-%
6(!")*+!)$% ,)6J+*0%C1% 0+9+*0% .+:(% -#% :($&M(L!+-(,% -.)*:9(.:(% 0)$$#J+*0% #:!+$$)-+#*% +*% -"(% ,+.(!-+#*%
*#.6)$%-#%-"(%>+*,G%7"(%#:!+$$)-+#*%)6J$+-3,(%(LJ#*(*-+)$$4%+*!.():(:%3*-+$%-"(%J#:+-+9(%)(.#,4*)6+!%
*#*$+*().+-4% +:% $).0(% (*#30"% -#% K.+*0% -"(% #9(.)$$% ,)6J+*0% K)!Q% -#% H(.#% )*,% !.()-(% $+6+-M!4!$(%
#:!+$$)-+#*:%>+-"%!#*:-)*-%)6J$+-3,(G%7"(%K$3&&%K#,4%:"#3$,%K(%>+-"%!(.-)+*%!.#::M:(!-+#*:%-")-%:)-+:&4%
Modeling in Mechanics and Materials












O(*% S).-#0% :-)K+$+-4% !.+-(.+)% X;`Y1% :3!"% ):% :N3).(1% .(!-)*0$(1% -.+)*0$(1% OM:")J(1% (-!G% =(:+,(% >+*,%
(L!+-)-+#*1% -"(% ").9(:-(.% #:!+$$)-#.% +:% :3Kc(!-% -#% K):(% (L!+-)-+#*%$%& ' ()*+,-./ 1% >"(.(% Z% +:% -"(%
)6J$+-3,(% )*,% % +:% -"(% K):(% (L!+-)-+#*% &.(N3(*!4G% 7"(% :4:-(6% :-+&&*(::%K% +:% *#*$+*().% J.#9+,+*0% )%
*#*$+*().% .(:-#.+*0% &#.!(G% >"+!"% 6)Q(:% -"(% ->#% (L!+-)-+#*% :#3.!(:% *#*$+*().$4% !#3J$(,G% D% K+:-)K$(%
.(:-#.+*0% &#.!(% +:% (LJ$#+-(,% "(.(1% >+-"% >"+!"% -"(% J#-(*-+)$% (*(.04% +:% ,#3K$(M>($$% >+-"% ->#% :-)K$(%






K#*,(,% *().% -"(% &+L(,% (*,% #&% -"(% !)*-+$(9(.% -#% !#*9(.-% -"(% :-.)+*% (*(.04% +*-#% ($(!-.+!+-4G% 7"(%
J+(H#($(!-.+!%($(!-.#,(:%).(%!#**(!-(,%-#%(*(.04%").9(:-+*0%!+.!3+-%-#%(L-.)!-%-"(%0(*(.)-(,%J#>(.G%7#%
+*,3!(%-"(%*#*$+*().%:-+&&*(::1%6)0*(-+!%+*-(.)!-+#*%+:%(6J$#4(,G%D%6)0*(-%+:%(6K(,,(,%+*-#%-"(%K$3&&%
K#,41% )*,% )*#-"(.% +:% )--)!"(,% -#% )% &+L(,% .+0+,% J.+:6G% +*!(% -"(%>+*,>).,%J.+:6%>+$$%6)Q(% -"(% &$#>%
-3.K3$(*-1%-"(%:(!-+#*%#&%K$3&&%K#,4%:"#3$,%K(%)K$(%-#%3*,(.0#%:($&M(L!+-(,%0)$$#J+*0%+*%-3.K3$(*-%&$#>%





@ @nl airMu Cu K u F V F Mz    ! " #     %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%V;W%




Modeling in Mechanics and Materials






























% &' ( 
" ) *+ ,




>"(.(%!1%h1%L )*,%Ai% ).(% -"(% )+.% ,(*:+-41% &.#*-)$% "(+0"-% )*,% $(*0-"% #&% -"(% K$3&&% K#,41% )*,% (6J+.+!)$%
)(.#,4*)6+!%!#(&&+!+(*-:1%.(:J(!-+9($4G%Fnl +:%-)Q(*%-#%K(%+*%)%!3K+!%J#$4*#6+)$%&#.61%0+9(*%K4%
Z

















% & ' (    " #  ) *+ ,
- .) */ 0
1
  



























































!#*,+-+#*1% >"+$(% +&% -"(% >+*,% :J((,%U% +:% :(-% -#% @1% +-% +:% J3.(% K):(% 9+K.)-+#*% (*(.04% ").9(:-+*0G% 7"(%
J.(,+!-(,%.(:J#*:(:%#&%,+6(*:+#*$(::%)9(.)0(%J#>(.%pave%3*,(.%J3.(%0)$$#J+*0%)*,%J3.(%K):(%9+K.)-+#*%
!#*,+-+#*:%&#.% -"(% $+*().%").9(:-(.%).(%:"#>*%+*%2+03.(%Z%V)W%)*,%VKWG%pave% +:%!)$!3$)-(%K4%paveevrms
?grG%
2+03.(%ZV)W%:"#>:%-")-%K($#>%Ucre;G[@`1%+G(G1%-"(%!3-M+*%:J((,1%-"(%").9(:-(.%+:%*#-%)K$(%-#%(L-.)!-%>+*,%
J#>(.% ,3(% -#% -"(% +*"(.(*-% 6(!")*+!)$% ,)6J+*0G% =(4#*,% -"+:% -".(:"#$,% :J((,1% pave% +*!.():(:%
6#*#-#*+!)$$4%>+-"% +*!.():+*0%UG% 7"+:% !").)!-(.+:-+!% #&% K(+*0% )K$(% -#% 0(*(.)-(% J#>(.% +*% )*% +*&+*+-(%
.)*0(%#&%>+*,%:J((,%+:%)%0.()-%),9)*-)0(%#&%0)$$#J+*0%&#.%(*(.04%").9(:-+*0G%D%$+*().%.(:J#*:(%>+-"%-"(%
J()Q%pave%)-%.(:#*)*!(%).#3*,%he;%+:%:((*%+*%2+03.(%ZVKW%>+-"%)*%P' %K):(%)!!($(.)-+#*%arms%#&%@G@@<G%
2+03.(%ZV!W% :"#>:% -"(% 9).+)-+#*% #&%pave% ):% )% &3*!-+#*%#&%%% 3*,(.% !#6K+*(,%>+*,% )*,%K):(%9+K.)-+#*%
:#3.!(:%>+-"%Ue?GZ[A%)*,%armse@G@@<G%5-%+:%:((*%-")-%-"(%!3.9(%#&%pave%>"(*%%%+:%)>)4%&.#6%;1%+G(G1%-"(%
.(:#*)*!(1% +:% &$)-1% >+-"% )% $(9($% )JJ.#)!"+*0% -")-% &.#6% J3.(% 0)$$#J+*0G% 7"+:% +*,+!)-(:% -")-% +*% -"(:(%
.(0+#*:1%K):(%9+K.)-+#*%(*(.04%+:%*#-%(&&(!-+9($4%").*(::(,G%C"(*%%%)JJ.#)!"(:%;%&.#6%-"(%$(&-%:+,(1%)%
Modeling in Mechanics and Materials












>+*,% )*,% K):(% 9+K.)-+#*% :#3.!(:% :3JJ$(6(*-% ()!"% #-"(.% -#% )!"+(9(% (&&(!-+9(% !#*!3..(*-% (*(.04%
").9(:-+*0G%5*%)$$%-".((%&+03.(:1%-"(%#J-+6)$%.(:+:-)*!(%ropt%+:%3:(,G%7"(%K)*,>+,-"%#&%!#*!3..(*-%(*(.04%
").9(:-+*0%+:%,(&+*(,%+*%-"+:%:-3,4%-#%K(%-"(%.)*0(%#&%&.(N3(*!4%#9(.%>"+!"%pave%+:%"+0"(.%-")*%-")-%&.#6%















Modeling in Mechanics and Materials






















Modeling in Mechanics and Materials






















 +6+$).$41% +-% +:% :((*% &.#6% 2+03.(% <VKW% -")-% (*")*!(,% vrms% +:% )!"+(9(,% #9(.% )% :+0*+&+!)*-$4% >+,(*(,%
K)*,>+,-"%>"(.(%>+*,%)*,%K):(%9+K.)-+#*%(*(.04%).(%K#-"%(&&(!-+9($4%").*(::(,G% +6+$).%-#%urms1%>"(*%
kZ%+*!.():(:1%-"(%J.+6).4%K)*,>+,-"%6#9(:%-#%$(&-G%=(:+,(:%-"(%K.#),(*(,%K)*,>+,-"1%"+0"(.%6)L+636%





&#.% )$$% -".((% K+:-)K$(% !#*&+03.)-+#*:G% D-% -"(% ,+6(*:+#*$(::% J#>(.% $(9($% #&% % @G@`<1% -"(% K)*,>+,-"% +:%
+*!.():(,% &.#6% @G@;;`%>+-"% -"(% $+*().% ").9(:-(.% -#% @G;\%>+-"% -"(% K+:-)K$(% ,(:+0*% #&%k;eM@G<1% kZe[G@1%
>"+!"%+:%)*%#9(.%;?%-+6(:%+*!.():(G%%%%%%%
E8  !"#3$.*!"(
7"+:% J)J(.% +*9(:-+0)-(:% 3:+*0% )*% )(.#($):-+!% 0)$$#J+*0% (*(.04% ").9(:-(.%>+-"% *#*$+*().% K+:-)K+$+-4% -#%
(*")*!(% !#*!3..(*-%>+*,% )*,% K):(% 9+K.)-+#*% (*(.04% ").9(:-+*0G%  +0*+&+!)*-$4%>+,(*(,% K)*,>+,-"% +:%
)!"+(9(,% #9(.% >"+!"% K#-"% -"(% ->#% (*(.04% :#3.!(:% ).(% (&&(!-+9($4% ").*(::(,G% '#.(#9(.1% (*")*!(,%
9#$-)0(% )*,% J#>(.% )6J$+-3,(:% ).(% #K-)+*(,G% D*% #9(.% ;?% -+6(:% +*!.():(% +*% -"(% (&&(!-+9(% !#*!3..(*-%




X;Y% SG%OG%DQ)4,+*1%BG% /$9+*1% )*,%_G%D*,.(#J#3$#:1% i7"(% J(.&#.6)*!(% #&% )% :($&M(L!+-(,% &$3+,+!%
(*(.04%").9(:-(.1i%Smart Materials and Structures, 9#$G%?;1%*#G%?1%JG%@?<@@A1%?@;?G%
X?Y% DG% =+K#% )*,% 'G% 2G% O)N)N1% i5*9(:-+0)-+#*% #&% !#*!3..(*-% (*(.04% ").9(:-+*0% &.#6% )6K+(*-%
9+K.)-+#*:%)*,%>+*,%3:+*0%)%:+*0$(%J+(H#($(!-.+!%0(*(.)-#.1i%Applied Physics Letters, 9#$G%;@?1%
*#G%?[1%JG%?[Za@[1%?@;ZG%
XZY% DG% =)..(.#Mj+$1% jG% D$#*:#1% )*,% DG%  )*HMD*,.(:1% i/*(.04% ").9(:-+*0% &.#6% -.)*:9(.:(%
0)$$#J+*01i%Journal of Sound and Vibration, 9#$G%Z?a1%*#G%;[1%JJG%?`AZM?``Z1%?@;@G%
X[Y% _G% _)*01% kG% ^")#1% )*,% kG% 7)*01% iU#6J).)-+9(% :-3,4% #&% -+J% !.#::M:(!-+#*:% &#.% (&&+!+(*-%
0)$$#J+*0%(*(.04%").9(:-+*01i%Applied Physics Letters, 9#$G%;@?1%*#G%\1%JG%@\[;@<1%?@;ZG%
X<Y% DG%DK,($Q(&+1% lG%'G%  !)*$#*1% /G%'!O#>($$1% )*,%'G%PG%S)cc1% iR(.&#.6)*!(% (*")*!(6(*-% #&%
J+(H#($(!-.+!%(*(.04%").9(:-(.:%&.#6%>)Q(%0)$$#J+*01i%Applied Physics Letters, 9#$G%;@Z1%*#G%Z1%
JG%@ZZa@Z1%?@;ZG%
X\Y% jG%S31%mGM7G%7:(1%mG%UG%m>#Q1%lG% #*01%)*,%_G%k431%iD(.#,4*)6+!%6#,+&+!)-+#*%-#%)%!+.!3$).%
!4$+*,(.% -#% (*")*!(% -"(%J+(H#($(!-.+!%>+*,% (*(.04%").9(:-+*01i%Applied Physics Letters, 9#$G%
;@a1%*#G%;a1%JG%;aZa@?1%?@;\G%
XAY% kG%^")#1%kG%7)*01%)*,%_G%_)*01%i/*")*!(,%J+(H#($(!-.+!%0)$$#J+*0%(*(.04%").9(:-+*0%3:+*0%?%
,(0.((M#&M&.((,#6%!3-M#3-%!)*-+$(9(.%>+-"%6)0*(-+!%+*-(.)!-+#*1i%Japanese Journal of Applied 
Physics, 9#$G%<Z1%*#G%\1%JG%@\@Z@?1%?@;[G%
Modeling in Mechanics and Materials












Materials and Structures, 9#$G%?[1%*#G%Z1%JG%@Z?@@;1%?@;<G%
XaY% kG% ^")#1% kG% 7)*01% lG% k+)*01% )*,% _G% _)*01% i 4*(.04% #&% >+*,% (*(.04% ").9(:-+*0% )*,%
:4*!".#*+H(,%:>+-!"%").9(:-+*0%+*-(.&)!(%!+.!3+-1i%IEEE/ASME Transactions on Mechatronics, 
9#$G%??1%*#G%?1%JJG%;@aZM;;@Z1%?@;AG%
X;@Y% SG% kG% O)+1% DG% DK,($Q(&+1% )*,% kG% C)*01% iR+(H#($(!-.+!% (*(.04% ").9(:-+*0% &.#6% !#*!3..(*-%
9#.-(LM+*,3!(,%9+K.)-+#*:%)*,%K):(%(L!+-)-+#*:1i%Nonlinear Dynamics, 9#$G%AA1%*#G%Z1%JJG%a\AM
a`;1%?@;[G%
X;;Y% DG%=+K#1%DG%DK,($Q(&+1% )*,%'G%2G%O)N)N1% i'#,($+*0% )*,%!").)!-(.+H)-+#*% #&% )%J+(H#($(!-.+!%
(*(.04%").9(:-(.%3*,(.%U#6K+*(,%D(.#,4*)6+!%)*,%=):(%/L!+-)-+#*:1i%Journal of Vibration 
and Acoustics, 9#$G%;ZA1%*#G%Z1%JG%@Z;@;A1%?@;<G%
X;?Y% PG%S).*(%)*,%mG%C)*01%iD%.(9+(>%#&% -"(%.(!(*-% .(:().!"%#*%9+K.)-+#*%(*(.04%").9(:-+*0%9+)%
K+:-)K$(%:4:-(6:1i%Smart Materials and Structures, 9#$G%??1%*#G%?1%JG%@?Z@@;1%?@;ZG%
X;ZY%  G%^"#31%lG%U)#1%DG%/.-3.Q1%)*,%lG%k+*1%i/*")*!(,%K.#),K)*,%J+(H#($(!-.+!%(*(.04%").9(:-+*0%
3:+*0%.#-)-)K$(%6)0*(-:1i%Applied Physics Letters, 9#$G%;@?1%*#G%;A1%JG%;AZa@;1%?@;ZG%
X;[Y% 'G% #$+6)*1%/G%DK,($MP)"6)*1%/G%/$M )),)*41%)*,%PG%')*:#3.1%iD%>+,(K)*,%9+K.)-+#*MK):(,%
(*(.04% ").9(:-(.1i% Journal of Micromechanics and Microengineering, 9#$G% ;`1% *#G% ;;1% JG%
;;<@?;1%?@@`G%
X;<Y% SG%k+31%UG%lG%7)41%UG%n3)*1%7G%m#K)4):"+1%)*,%UG%k((1%iD%:!.)J(M-".#30"%J+(H#($(!-.+!%'/' %
(*(.04% ").9(:-(.% >+-"% &.(N3(*!4% K.#),K)*,% )*,% 3JM!#*9(.:+#*% K(")9+#.:1i% Microsystem 
technologies, 9#$G%;A1%*#G%;?1%JJG%;A[AM;A<[1%?@;;G%
X;\Y% kG% ^")#% )*,% _G% _)*01% iD*% +6J)!-MK):(,% K.#),K)*,% )(.#($):-+!% (*(.04% ").9(:-(.% &#.%
!#*!3..(*-%>+*,% )*,% K):(% 9+K.)-+#*% (*(.04% ").9(:-+*01i%Applied Energy, 9#$G% ?;?1% JJG% ?ZZM
?[Z1%?@;`G%
X;AY% kG%^")#1%iR(.&#.6)*!(%/*")*!(6(*-%#&%)*%D(.#($):-+!%/*(.04%S).9(:-(.%&#.%/&&+!+(*-%R#>(.%
S).9(:-+*0% &.#6% U#*!3..(*-% C+*,% 2$#>:% )*,% =):(% T+K.)-+#*:1i% +*% 2018 IEEE/ASME 
International Conference on Advanced Intelligent Mechatronics (AIM)1% D3!Q$)*,1% B(>%
^()$)*,1%?@;`1%JJG%A`@MA`<G%
X;`Y% lG%RG%O(*%S).-#01%Mechanical VibrationsG%B(>%_#.QF%'!j.)>MS+$$1%;a<\G%
(
